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® Complexes having adjuvant activity. 

(P> "Empty" iscom matrices, ie. formed without an antigen, have been found to provide an adjuvant formation 
for a separate antigen in a vaccine formulation, the antigen being associated with a bacterium or mycoplasma. 
It has also been found that these and conventional Iscoms can be formed without removing the solubihsmg 

agent used for the antigen. , _ _ ^_ „ . . 

In each case, the Iscom can be 3-dirnensional or, if formed without phospholipid, 2-dimensional. 

The glycoside is preferably Quil A and the sterol is preferably cholesterol. 
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COMPLEXES HAVING ADJUVANT ACTIVITY 

The present invention relates to complexes having adjuvant activity, the complexes comprising lipid and 
at least one glycoside, and to novel glycosides for incorporation in said complexes. 

Prophylactic immunisation of animals against microbes comprises administration of an antigen derived 
from the microbe in conjunction with a material that increases the antibody and/or cell-mediated immune 
s response of the antigen in the animal. This material is known as an adjuvant The only adjuvants currently 
authorised for use in humans or pigs in many countries are aluminium hydroxide and aluminium phosphate. 
Although these adjuvants are sufficient for many vaccines, studies have shown that Freund's complete 
adjuvant (FCA) or Qui! A (also known as saponin) are often more efficacious in eliciting antibody response 
and cell mediated immunity but unfortunately these adjuvants may cause the animals to react adversely to 
10 vaccination. 

EP-A-Q 109 942 and EP-A-0 180 564 describe immunogenic complexes formed between glycosides, 
such as triterpenoid saponins (particularly Quil A), and antigens which contain a hydrophobic region. These 
immuno-stimulating complexes have been given the name Tf iscoms ,, . The amount of Quil A in an^iscom can 
be about 10 to 100 times lower than when Quil A is mixed with the antigen to produce the same antigenic 

75 effect Iscoms do not create the adverse reactions associated with Quil A- 

EP-A-231 039 indicates that the presence of antigen is not necessary for formation of the basic iscom 
structure, hereafter referred to as the iscom "matrix", it being possible to form the matrix from a sterol, 
such as cholesterol, a phospholipid, such as phosphatidyl-ethanolamine, and a glycoside such as Quil A 
However, there was no disclosure that such matrices were useful as adjuvants; they were disclosed only in 

20 passing to show that iscom-ltfce structures could be formed without the presence of an antigen. We have 
now found that such empty matrices can be used to provide an adjuvant function by addition to bacterial 
and mycoplasma antigens which do not form part of the iscom matrix. 

Moreover, in all three of the cited prior art documents, when a water-insoluble antigen was used, this 
was solubiiised with a detergent and then, after mixing with the glycoside etc, the detergent was removed, 

25 for example by dialysis, to cause formation of the iscoms. We have now found that iscoms will form in the 
presence of detergent- and that this removal step is unnecessary. Iscom matrices may be formed in a 
similar manner. 

One aspect of the invention provides a vaccine for human or animal use comprising (1) an antigen 
associated with a bacterium or mycoplasma and (2) an iscom matrix, the said antigen not being 
30 incorporated in the iscom. 

The invention also encompasses a process for preparing a vaccine for human or animal use, 
comprising (1) forming a complex of a glycoside, a sterol and, optionally, a "phospnoiipid, and (^) admixing 
the said complex with an antigen associated with a bacterium or mycoplasma. 

By "animal*, we mean norh-human vertebrate, preferably a mammal such as a cow* pig, sheep, goat, 
35 horses dog or cat 

The vaccine may comprise one or more diluents and carriers of a conventional nature. These will 
normally be added in or after step (2) of the process. 

By "antigen associated with a bacterium or mycoplasma" wo mean any entity capable of producing a 
protective antibody or cell-mediated immunological response against the bacterium or mycoplasma in a 

4o vertebrate exposed to the antigen. The antigen may be all or part of a protein, glycoprotein, glycolipld, 
polysaccharide or lipopolysaccharide which is associated with the bacterium or mycoplasma, or it may be a 
polypeptide or other entity which mimics all or part of such a protein, glycoprotein, glycolipid, polysaccha- 
ride or lipopolysaccharide. Because the antigen is not incorporated in the iscom matrix during formation of 
the latter, it is not necessary for rt to have a hydrophobic region or to be linked to a hydrophobic group, as 

45 in prior art procedures. The bacterium or mycoplasma itself need not be present in the vaccine but it can 
reduce the cost of the vaccine rf whole cells, for example of Haemophilus pfeuropneumonlae , are used 
instead of extracts. 

By "mycoplasma", we include the closely related organisms known as ureaplasmas and acholeplas- 
mas. 

so Bacterial diseases include those caused by Mycobacterium (e.g. M. tuberculosis & ML bovis ), 
Clostridium (e,g. C. welchii ), Rickettsia, Spirochaetes (e.g. Treponema pallidum or Leptospira pomona ), 
Escherichia (e.g.^E/^T), Staphylococci (e.g. S. aureus ), Haemophilus (e.g. H. influenzae and H. 
pleuropneumonlae ), Bordetella, (e.g. B. pertussis ), Vibrio (e.g. V. cholerae ), Salmonella (e.g. S. typhi and 
a paratyphi ), Streptococci (e.g. S. agalactiae ), Neisseria (e.g. N. gonorrhoea ), Pasteurella (e.Q. P. 
multocida ), Legionella (e.g. L. pneumoniae ). Chlamydia (e.g. C. psittaci ), Pseudomonas (e.g. P. malliae ), 

2 
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Actinobacillus (e.g. A. pleuropneumoniae ), Campylobacter (e.g, C. jejuni ), Listeria (e.g. L monocytogenes 
) Brucella (e.g. B. abortus ), Corynebacterium (e.g. C. diptheriae ), Yersinia (e.g. Y. pseudotuberculosis ), 
Pneumococci (e.g7 Streptoccus pneumoniae ), Bacillus (e.g. B. anthracts ), Klebsiella (e.g. K. pneumoniae ), 
Shigella (e.g. S. dysenteriae ) and Acttnornycetes (e.g. Nocardia asteroides ). 

s PreferabryTthe bacterium is a Mycobacterium (e.g. M. tuberculosis ), Clostridium (e.g. C. welchu ), 
Rickettsia, Spirochaetes (e.g. Treponema pallidum ), Escherichia (e.g. E. coli ), Staphylococci (e.g. S. 
aureus ), Haemophilus (e.g. H. influenzae and H. pleuropneumoniae ), Bordetefla, (e.g. B. pertussis ), Vibrio 
teiTv. cholerae ), Salmonella (e.g. S. typhi and S. paratyphi , Streptococci (e.g. S. agaiactiae ), Neisseria 
(e.g. K gonorrho ea ), Pasteurella (e.gTP. multocida ), Legionella (e.g. L pneumoniae ), Pseudomonas (e.g. 

w P maiH ae ), Actino bacillus (e.g. A. pleuropneumoniae ), Campylobacter (e.g. C. jejuni ). Usteria (e.g. U 
mo no cytog enes ). Particular antigens include the adherence factor in Coli, e.g. pili K 88. porin protein in e.g. 
Salmonella and outer membrane proteins from B. pertussis and Neisseria meningitidis . 

Preferably, the antigen is one which will not form a conventional iscom, i.e. as described in EP-A-109 

942 and EP-A-1 80 564. 
15 Vaccination of pigs against H. pleuropneumoniae is particularly preferred. 

Mycoplasmas of veterineraTy or medical interest include Mycoplasma bovis , M. gallisepticum , M. 

agaiactiae , M. hyopn eumoniae . M. pneumoniae , M. synoviae , M. arthritidis . M. capricolium , M. dispar , 

M. hominis ,1^,'mycoiQ^Fsubs. capri , M. orale , M. oripneumoniae . M. pulmonis f M. cynos , M. hyomims 

~M mycoidesT M. sa lvarium and M. fermentans . 
20 ~ Although t he^nligenlsnot incorporated in the iscom matrix in the previous way, nameiy as part of the 

iscom structure itself, it may nevertheless be present on the outside of the iscom matrix or it may 

subsequently be integrated into the iscom matrix. Alternatively, it may be present entirely separately in 

solution or dispersion. 

The iscom matrix may be prepared in the way disclosed in EP-A-0 231 039, namely by mixing together 

25 solubilised sterol, glycoside and (optionally) phospholipid and then removing the solubilising agent 
Alternatively, the removal of the solubilising agent can be omitted. An electron micrograph of iscoms 
obtained from Quil A, cholesterol and phosphatidyiethanoiamine is depicted in Figure 1 of EP-A-Q 231 039 
(magnification 116.000 x). If phospholipids are not used, two dimensional structures are formed. An example 
of such structures is depicted in Rgure 2 of EP-A-0 231 039. This figure is an electron micrograph 

30 (magnification 146.000 x) of structures obtained from Quil A and cholesterol. The term "iscom matrix" is 
used to refer to both the 3-dimensional and 2-dimensiqnal structures. 

The glycosides to be used in the process according to the invention may be the same as those 
mentioned in EP-A 0 109 942 and EP-A-0 231 039. Generally the glycosides are glycosides showing 
amphipathic properties and comprise hydrophobic and hydrophiiic regions in the molecule. Preferably 

35 saponins are used, especially the saponin extract from Quiliaja saponaria Molina in the first place DQ- 
extract prepared according to K. Dalsgard: Saponin Adjuvants. Bull. Off. Int.. Epiz. 77 & 7-8) 1289-1295 
(1972) and Quil A, also prepared according to K, Dalsgaard: Saponin Adjuvants III Archiv fur die gesamte 
Vlrusforschung 44 , 243-254 (1974). Other preferred saponins are aescine from Aesculus hippocastanum (T 
Patt and W Winkler: Das therapeutisch wirksame Prinzip der Rosskaatanie ( Aesculus hippocastanum ) 

40 Arzneimfttelforschung 10 (4) 273-275 (1960) and sapoalbin from Gypsophilla struthium (R Vochten, P. Joos 
and R Ruyssen: Physicochemical properties of sapoalbin and their relation to the foam stability. J. Pharrn. 
Belg. 42 213-226 (1968)). The use of Quil A is especially preferred. 

InTfie process according to the invention the glycosides are used in at least the critical micelle-formmg 
concentration. In the case of Quil A this concentration Is about 0.03% by wt. 

45 Generally, the molar ratio of glycoside (especially when it is Quil A) to sterol (especially when it is 
cholesterol) to phospholipid is 1:1:0-1, ± 20% (preferably no more than ± 10%) for each figure. This is 
equivalent to a weight ratio of about 5:1 for the Quil A: cholesterol. 

The sterols used in the process according to the invention may be known sterols of animal or vegetable 
origin, such as cholesterol, lanosterol, lumisterol, stlgmasterol and sitosterol. Preferably, cholesterol is the 

so sterol used in the process according to the invention. 

It is preferred for a phospholipid to be used, so that 3-dimensionaJ iscoms are formed. Suitable 
phospholipids include phosphatidylcholine and phosphatidytethanolamine. 

A second aspect of the invention provides a process for making an immunogenic complex comprising a 
water-insoluble antigen, the process comprising solubilising the antigen with a solubilising agent, admixing 

55 the solubilised antigen, a glycoside, a sterol and, optionally, a phospholipid and forming an iscom 
substantially without removal of the solubilising agent 

Thus, there is no need for the solubilising agent to be removed by ultrafiltration, dialysis, ultracen- 
trifugation or chromatographic methods in order for the iscoms to be formed. 
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The antigen is as defined above, except that it may be associated with fungi, parasites such as 
protozoa and helminths or viruses instead of just mycoplasmas or bacteria. 

Fungi associated with disease include: Candida spp., Cryptococcus spp., Aspergillus spp., Microsporum 
spp., Trichophyton spp. Epidermophyton spp. and Dermatophilus spp. 
5 Parasites associated with disease include those listed in EP-A-109 942. 

Viruses associated with disease include those listed in EP-A-109 942. Many of these have envelopes 
from which suitable antigens can be extracted. Particular viruses include equine influenza virus, equine 
herpes virus, bovine viral diarrhoea virus, coronavirus, parvovirus, feline leukaemia virus, feline im- 
munodeficiency virus and equine viral arteritis virus. 
iq The solubiiising agent may be any of those mentioned in EP-A-0 109 942 or EP-A-0 231 039, for 
example a detergent, urea or guanidine. 

Generally, a non-ionic, Ionic or zwitter-ionic detergent or a cholic acid based detergent, such as sodium 
desoxychoiate, can be used for this purpose. Preferably, the detergent used is octyiglucosfde, nonyl N- 
methyl glucamide or decanoyl N-methyl glucamide but alkyiphenyl polyoxy ethylene ethers are also 
is suitable, especially a polyethylene glycol p-isooctylphenylether having 9 to 10 oxyethylene groups which is 
commercialized under the trade name Triton X-100R. 

The process according to the invention may be used for the preparation of immunogenic complexes 
from antigenic proteins or peptides which show amphipathic properties, for example those described in EP- 
A-109 942. 

20 Suitable methods for isolation of antigens and linking to hydrophobic groups are described in EP-A-109 
942. 

In the process according to the second aspect of the invention the dissolved or solubilized antigen is 
generally contacted with a solution containing the glycoside in at least the critical micelie-forming 
concentration, a sterol, and optionally a phospholipid. 
25 If desired, the solutions of the immunogenic complexes obtained may be lyophilized. The lyophilized 
preparations may then be reconstituted before use by addition of water. 

A third aspect of the invention provides a process for making an iscom matrix which process comprises 
solubiiising a sterol, and optionally a phospholid, with a solubiiising agent and mixing with a solution of the 
glycoside, without removal of the solubiiising agent 
30 the soiubiljsfng agent sterol, phospholid and glycoside are as hereinbefore defined. 

Further, the invention relates to a pharmaceutical composition containing immunogenic complexes 
prepared by means of the first or second aspects of the invention. These properties may be obtained by 
preparing the immunogenic complexes in a form suitable for parenteral administration, preferably injectable 
administration and, in particular, for injection by the subcutaneous or intermuscular routes. Generally, the 
as pharmaceutical c6mp6sitfciis contain the immunogenic: complexes in an aqueous, physiologically accept- 
able medium, which, if desired, contains a buffer and/or a salt such as sodium chloride for adaptation of the 
osmotic pressure. These procedures are ail well known in the art 

The following non-limiting examples illustrate various preferred aspects of the invention. 

40 

EXAMPLES 1-6: Empty Iscom Matrix Preparation 



45 Reagents Required 

Phosphate Buffered Saline (Dufbecco A, Oxoid) 
Lipid Mix (see below) 

10% w/v solution of Quil A (Superfos) in sterile distilled water. 

so 

Preparation of Lipid Mix (10ml) 
55 Materials: 

Chloroform (analar), Cholesterol (Grade 1, from porcine liver, Sigma), Lflphosphatidyi chofine (Sigma), 
Mega 9 or 10 (Sigma) or Triton (Mega 9 Is ridnyi N-methyl glucamide, whereas Mega 10 is decanoyl N- 

4 
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methyl glucamlde) and Sterile distilled water 



Method 



(a) Prepare 20% w/v of Mega 10 In sterile distilled water: ie weigh out 2g Mega 10 and dissolve in 10ml 
of water (b) Weigh 50rng cholesterol and add to 50mg of phosphatidyl choline, (c) When the cholesterol 
has dissolved in the phosphatidyl choline add 2ml of chloroform, (d) Add the 10ml of 20% w/v Mega 10. 
The mixture will be milky-white in appearance. This will raise thevolume to 12ml. However, the chloroform 
will evaporate upon stirring and the final 10ml volume will be achieved, (e) Stand on a magnetic stirrer in 
the hot room (37* C), with the lid of the container removed. Upon continued stirring, the mixture will become 
more mobile and clear, (f) Store at room temperature. 



75 EXAMPLE 1 



Protocol: 



55 



Place 20ml of PBSA into a sterile universal flask. Add 100julI of a 10% solution of Quil A. Add 400ul of 
the lipid mix. Whirlymix the solution at full speed for 10 seconds. Sterilise solution via passing through a 
0 2nm filter (Millipore). Decant small volume for Electron microscopy studies. Store at +4 C. 



25 EXAMPLE 2 



The method of Example 1 was followed, but with the following variants. Place 20ml of PBSA into a 
sterile universal flask. Add 200ul of a 10% solution of Quil A Add SOOul of the lipid mix. Whirlymix the 
solution at full speed for 10 seconds. Sterilise through a 0.2nm filter. Decant a small volume for electron 
30 microscopy studies. Store at +4 C. 



EXAMPLE 3 



20ml PBSA was added to an Amicon stirred ceil with a 30K Mwt cut-off membrane. To this was added 
800U1 of the lipid mix plus 200jxl of Quil A {10% solution). The solution was concentrated tc ■ 5ml and 100m 
PBSA added. The above step was repeated x2. The 20ml contents were filtered through a O^um filter 
labelled and stored at +4" C. 



EXAMPLE 4 



20ml PBSA was added to an Amicon stirred cell with a30K Mwt cut-off membrane In place. 400ul of the 
lipid mix plus 100ul of a 10%Qiil A solution was added. Tlie above solution was concentrated to 5ml and 
resuspended to 100ml with PBSA. The above step was repeated x2. The final 20ml contents of the cell 
were then filter sterilised through a O^um filter, labelled and stored at +4 C. 



EXAMPLE 6 



20ml PBSA was added to an Amicon stirred cell, a 30K Mwt cut-off membrane being in place. 200*1 of 
the lipid mix plus SOiil of a 10% Quil A solution was added. The above solution was concentrated to 5ml 
and resuspended In 100ml PBSA The above step was repeated x2. The final 20ml prep of the cell was 
then filtered through a 0.2y.m filter, labelled and stored at +4° C. 



EXAMPLE 6 
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20ml PBSA was added to an Amicon stirred cell (30K Mwt cut-off membrane). 100uJ of the lipid mix 
plus 25uJ of a 10% QuH Asolution was added. The above solution was concentrated to 5ml and 
resuspended with 100ml PBSA. The above step was repeated x2. The final 20ml contents of the cell were 
filter sterilised through a Oium filter, labelled and stored at +4* C. 
s In electron microscopy studies, these iscom matrices appeared to be less numerous than in the other 
examples. 

EXAMPLE 7: Mouse Studies: Efficacy 

Female mice of an inbred strain (Balb/C) and of the same age {6-8 weeks) were used. The mice were 
obtained from the barrier maintained (SPF) unit of Harlan-Olac (Bicester). The National Cell Type Collection 
strain of Mycoplasma hyopneumoniae was used throught this study. The organism was cultured in a 
modification of Friis medium. The stock cultures were maintained at -70 °C. Each suspension for vaccine 
incorporation was prepared by inoculating 40m! of broth with 4ml of the stock culture at pH 7.4 and then 
incubating at 37° C for 3 days or until the pH dropped to 6.8. By this time the organism had reached the fog 
phase of growth. The cultures were inactivated using binary ethylene imine, concentrated using tangential 
flow ultrafiltration, and washed with phosphate buffered saline (PBS). The concentration of antigen was 
adjusted such that ail vaccines contained 10ug total protein per 0.1 mi mouse dose of vaccine. 
The iscom preparations of Examples 3 to 6 were used as follows. 

Eight groups of six mice were immunised on two occasions, each mouse receiving 0.1ml of the 
following preparations. 



Grou- 
ps 


Vaccinate 


A 


10ixg M. hyopneumoniae alone 


B 


10w.g Ml hyopneumoniae adjuvanted with Freund's 




Complete 


C 


10ug M. hyopneumoniae with Iscom matrix containing 




10ug QA/mouse dose 


D 


10jig M. hyopneumoniae with Iscom matrix containing 




5ug QA/mouse dose 


E 


10jxg M. hyopneumoniae with iscom matrix containing 




^.5Ug:QA/nrtdUse dose ~ 


F 


10Ug M. hyopneumoniae with iscom matrix containing 




1 .25jxg QA/mouse dose 


Q 


Oug fl/L hyopneumoniae with iscom matrix containing 




5ug QA/mouse dose 


H 


10ug M. hyopneumoniae + 10 7 cfu H. 




pleuropneumoniae with iscom matrix containing 5ug 




QA/mouse dose 


OA =» Quil A 



45 

Groups of mice were pre-bled via the tail vein prior to primary immunisation and then fourteen days 
later. Twenty-eight days after the primary immunisation the animals received a further vaccination and were 
bled 7 days later and finally 28 days post secondary. Serum was separated from the blood on the day of 
50 collection and stored at -70 *C for analysis by ELISA. Mice were observed following vaccination for any 
adverse local and systemic reactions. 

Results 

55 

The results of the experiments designed to assess the adjuvant effect of Quii A in an iscom preparation 
where the antigen is external to the preparation are shown below in Tables 1 and 2. 

The results clearly demonstrate that the ISCOM preparation with the highest protein: Qui! A ratio of 

6 
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10ug: 10ng/mouse dose produces the greatest response to the vaccine, giving a response as good as If not 
h^ttar than the Freund's adjuvanted vaccine. 

Groups of Mas receiving iscom vaccines containing less than 10ng of Qui. A per mouse dose 
oerformed no better, In producing a response to the antigen, than the unadjuvanted antigen atone 
* N^vacctoe reactions either local or systemic were noted in any mice receiving .scorn vaccme ^or with 
antigen alone, in mice immunised with Round's, small granulomas approximately 3mm were noted at the 
immunisation point but as with all the other mice no signs of systemic disturbances were noted- 
Table 1 - 



Anti M. hyopneumoniae response in 
mice as measured by the INDIRECT 
ELISA 


Groups/Ti- 


Pre 


28DP2 ° 


me 


Vaccination 




A 


0.023 


0.184 


B 


0.019 


0.126 


C 


0.019 


0.203 


D 


0.019 


0.043 


E 


0.019 


0.083 


F 


0.032 


0.029 


Q 


0.042 


0.052 


H 


0.040 


I 0.150 


Standard Deviations omitted 

DP2° - days post secondary vaccination 
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EXAMPLE & Mouse Studies: Evaluation of Empty iscom matrix as an adjuvant for Haemophilus 
pleuropn eumonias vaccine in mice 

Mice were immunised with vaccines containing whole inactivated H. pleuropneumoniae bacteria .aid 
iscom matrix formulated with varying levels of Quil A. Mice immunised twice with a vaccine ^n.nglOug 
Sun A/mouse gave a greater antibody response than mice Immunised with equivalent numbers of bactena 
Sn Beund-s adfuvant. .Ler doses of Qull A had littie apparent adjuvant effect No adverse local or system,c 
effects were observed following administration of any vaccine containing iscom matrix. 

?ne TnCTC reference strain of H. pieuropneumoniae serotype 3 (Strain 1421) was grown to logphase 
arowth hi Yeast extract medium supplemented with B NAD. The culture was Inactivated with 0^/o formalm 
a^d waThed »ree times with phosphate buffered saline (PBS) to yield a washed, inactivated whole cell 
^ g r P repa" tion. The antigen waT standardised by enumeration of bacteria using a Neubaumer chamber 
with modified Thoma rulings and was stored in PBS at 4 C until use. 

Group £ -ice. six per group, were immunised with H. pieuropneumoniae aione, H_ Pyopneu = 
in FIA, or H. pl europneumoniae together with iscom matrix containing different levels of Quil de^ed 
below A f¥ al group received b oth H. pleuropneumoniae and M. hyopneumomae antigens together wrth 
Smma^vlgate possib.e iiteraction between the two antigens. Mice ^ t^bcuteneo^ 
injections of 0.1 ml of the appropriate vaccine on two occasions with a 3 week interval between 
immunisations. 



55 



BNSOOCtD: <EP 04167S4A1 J_> 



EP 0 415 794 Al 



w 



15 



Immunisation of mice 



Grou- 



1 
2 
3 
4 

5 
6 

7 

8 



Vaccination 



None 
Hpl alone 
Hpi in RA 

Hp! with iscom matrix containing 10ug QA/per mouse dose of 
vaccine 

Hpl with iscom matrix containing 5jxg QA/per mouse dose of vaccine 
Hpl with iscom matrix containing 2.5ug QA/per mouse dose of 
vaccine 

Hpl with iscom matrix containing l-2ug QA/per mouse dose of 
vaccine 

Hp! with iscom matrix containing 5jig QA/per mouse dose of vaccine 
and 10ug/per mouse dose Mycoplasma hyopneumoniae antigen. 



20 Following primary vaccination there was little antibody response in any group. Following secondary 
vaccination there was a rapid and pronounced rise in antibody levels in 2 out of the 8 groups immunised. 
The greatest response was seen in mice immunised with bacteria together with iscom matrix containing 
10ug/mouse Quil A which had a mean peak OD of 1.24 (± 0.17) Units of Optical Density (UOD) when 
measured one week after secondary Immunisation. Mice immunised with bacteria and RA had a similar but 

25 slightly smaller antibody response with a mean peak OD of 1.11 (* 0.08) UOD on the same occasion. Mice 
immunised with bacteria alone, bacteria with lower doses of Qui! A, or bacteria together with M. 
hyopneumoniae antigen all had similar, tower, antibody responses with peak values of between 0.43 and 
0.63 UOD when measured one month after secondary immunisation. 
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Anti - H. pleuropneumonia e 
response, as measured by 
indirect EUSA 





Pre-vaccinafion 


28DP2 


A 


0,87 


0.189 


B 


0.170 


0.428 


C 


0.185 


1.002 


D 


0.135 


1.161 


E 


0.131 


0.626 


F 


0.164 


0.645 


G 


0.119 


0.620 


H 


0.227 


0.480 



50 



EXAMPLE 9: Pig Studies 



Thirty Landrace-cross piglets were obtained at three weeks of age from a herd known to be free of all 
clinical and serological evidence of infection with H. pleuropneumonia and M. hyopneumoniae . Piglets 
were maintained in Isolation from all other stock and were fed ad libertum with a standard weaner/grower 
diet 

A low passaged (less than 10) field isolate (SVA3) of M. hyopneumoniae was cultured to log phase of 
growth in Frfls medium. ~ ™~ 



8 
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To 20 ml of sterile PBSA was added 400jjl! of a 10% Qui! A solution and 1600ul of lipid mix. The 
mixture was then whirly-mixed for 20 seconds at maximum speed followed by filtration through a 0.45um 
filter. To 10 ml of this ISCOM mix was added 10 ml of 4 mg/ml of M. hyopneumoniae antigen to yield an 
ISCOM mix containing 2 mg/ml of antigen and 1 mg/ml of Quil A. 

A group of five pigs were immunised with 1 ml of ISCOM matrix containing 2 mg/ml M. hyopneumoniae 
whole cell antigen. A further five received 1 ml of 2 mg/ml M. hyopneumoniae adjuvanted with Freunds. The 

final 5 pigs received PBSA only. 

Piglets received their first vaccination at 3 weeks of age by deep intramuscular injection of 1 ml of the 
appropriate vaccine into the deep muscles of the left side of the neck. A second similar injection was given 
6 weeks later into the right side of the neck. Two weeks after the second Immunisation, when they were 11 
weeks of age, the piglets were experimentally challenged. Piglets were killed approximately 2 weeks after 
challenge for post-mortem examination for lung pathology. 



75 a) Clinical Reactions to Vaccination 

No adverse clinical signs were observed in any pigs following primary or secondary vaccination. No 
significant rises in temperature after primary or secondary immunisation occurred in any group. The 
greatest rise in temperature, of 1.1 ± 0.23° C, was observed in piglets immunised with M. hyopneumoniae 
so antigen in Freund's Incomplete adjuvant after the secondary immunisation, in general, mean group 
temperatures rose by approximately 0.3° C which was insufficient to cause clinical signs of pyrexia. 
Vaccines which contained M. hyopneumoniae antigens were not noticeably more pyrogenic than those 
which did not. 

No local reactions were visible or palpable at the sites of injection of any vaccine on any occasion 
25 examined. 

No differences between the weight gain of the piglets was observed. 
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b) Clinical Reactions to Injection 

Clinical reactions following infection were not apparent The experimental challenge did not cause 
pyrexia. Pigs remained clinically normal for the two weeks following challenge. Weight gains over this 
period and feed intakes showed no significant difference between groups. 
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c) Measurement of Serum Antibody 

Following primary vaccination only the group receiving M. hyopneumoniae adjuvanted with Freund's 
demonstrated an antibody response. However, following a second immunisation there was a pronounced 
rise in antibody levels in all animals receiving M. hyopneumoniae vaccines. The serum M. hyopneumoniae 
antibody responses as measured by ELISA OD (@ 492 nm) prior to challenge were as follows: 
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for animals receiving ISCOM vaccine 

for animals receiving Freund's adjuvanted vaccine 



0.6 ±0.156 
1.7 ± 0.089 



An anti M. hyopneumoniae antibody response (OD @ 432 nm = 0.6 ± 0.156) was also observed in 
animals receiving ISCOM matrix vaccines. 
50 There was no further significant rise in antibody levels in any of the groups following infection. 



d) Local Reactions to Vaccination 

The most severe reactions were observed in the piglets which were immunised with M. hyopneumoniae 
antigen in Freund's adjuvant Reactions consisted of multiple dispersed caseous granuTomata and were 
characteristic of reactions to Freund's adjuvants In the pig. No lesions were observed in pigs receiving 
ISCOM vaccines. 
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EXAMPLE 10: Sheep Studies 

Blackface x Swaledale ewes were acquired from a farm known to have been free of OEA for at least 4 
years. The 5-6 year old animals were prescreened before us© for antibodies to Chlamydia psrttaci and 
5 Toxoplasma gondii . The ewes were maintained in isolation from other stock and were ted hay and 
concentrates at levets appropriate to their physiological and nutritional status. 



1. Vaccines 

w 

OEA strains A22 and S26/3 of Chlamydia psittaci were grown and subsequently semi-purified. The 
initial culture volume of each strain of 10L was concentrated to 1 L in this process to give "10X Antigen". 

An Iscom vaccine (IV) was prepared as follows: (a) 50 ml of 1 0X antigen was treated with 100ul of stock 
(50%) glutaraldehyde for 15 min at 4° C. (b) 50 ml of filter-sterilized 0.15M glycine in PBS was added and 
15 the suspension incubated for 5 min at 4°C. (c) The suspension was centrifuged at 17000g for 45 min at 
4° C, then the pellet washed twice with sterile PBS pH 7.2. (d) The pellet was resuspended in 50 mi PBS. 
(e) Thiomersa! (1%; sterile filtered), 0.5 ml, was added to give a final concentration of 0.01 %. 

To 100 ml of sterile PBSA was added 50u,I of a 10% Quil A solution and 2 ml of lipid mix. The mixture 
was stirred under 9 psi pressure (62 kN.m~ 2 ) and concentrated to 20 ml volume. Sterile PBSA was added 
20 to make the volume up to 200 mi and the volume then reduced to 20 ml. This was repeated twice. The final 
volume was filtered through a 0.45u.m filter. 

The antigen preparation was added to the Iscom mix to give an antigen concentration of 0.25X 

antigen/ml. 

One oil-based (OBV) and one Aihydrogel-adsorbed aqueous vaccines (AAV) were prepared as controls 
25 to give 1X antigen/ml and 0.25 X antigen/ml respectively. 

The experiment comprised 5 groups and a total of 106 ewes. Groups 1, 2 and 3 were vaccinated with 
OBV, AAV and IV respectively. Groups 4 and 5 constituted the controls, being irifected/unvaccinated and 
uninfected/unvaccinated respectively. 

The OBV vaccine was administered once only as a 1 ml dose given 9 weeks before tupping. The other 
30 2 vaccines were administered twice, 9 weeks and 3 weeks before tupping, each injection comprising a 2 ml 
dose (all vaccines delivered a payioad of 4u.g Chlamydial protein). 

All vaccines were injected subcutaneously at an identified, shorn site on the right side of the neck. 

Ewes of Groups 1, 2, 3 arid 4 were challenged with live chlamydia at 85-90 d.g. Group 5 remained 
untreated. 

35 At lambing or abortion, placentas, if available, were taken for sampling. The condition of the lamb at this 
time (live, moribund or dead), was noted. No attempt was made to keep aiive sickly iambs, apart from the 
provision of colostrum. 

The presence or otherwise of OEA lesions in placentas was noted and an estimate made of their extent 
Placentas (or vaginal swabs) were examined for chlamydial bodies by staining by the modified Ziehl- 
40 Neelsen method, and cultivated in BHK21 cells treated with 5-fododeoxyridine. 



Results 

45 jhe resuits showed that the ISCOM vaccine provided protection against the Chlamydial infection that 
was at least as good as that provided by the conventional vaccines used in the experiment 

EXAMPLE 11: Equine Influenza Virus Iscom Preparation 

60 ~~ ~" *~ ~~ " 

Protocol: 

Place 20 ml of PBSA into a sterile universal flask. Add 100W of a 10% solution of Quil A. Add 400ul of 
55 the lipid mix. Add ERIK-14 equine flu antigen component to a final concentration of 5ug/ml. Whlrlymix at full 
speed for 20 seconds. Sterilise solution via passing through a Oium filter (Millipore). Decant srhall volume 
fdf electron microscopy studies (iscom structures observed) a^ boctertel contamination check. Store at 
+ 4"C. 
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Claims 



1. A vaccine for human or animal use comprising (1) an antigen associated with a bacterium or mycoplasma 

and (2) an iscom matrix, the said antigen not being incorporated in the iscom. 
5 2 A vaccine according to Claim 1 wherein the antigen is associated with one of the following species, 

genera or classes of organism: Mycobacterium, Clostridium, Rickettsia, Spirochaetes. Escherichia. 

Staphylococci, Haemophilus. Bordetella. Vibrio, Salmonella, Streptococci, Pasteurella. Legionella, 

Chlamydia, Pseudomonas, Actinobaciltus. Campylobacter. Listeria, Mycoplasma bovis, M. galllsepticum, 

M agalactiae, M. hyopneumoniae, M. pneumoniae. M. synoviae. M. arthntidis, M. capricolium, M. dispar, 
io M hominls, M. mycoides subs, capri, M. orafe, M. ortpneumoniae, M. pulmonis, M. cynos, M. hyorhmls, 

M mycoides, M. salvarium and M. fermentans, or the antigen comprises the adherence factor in Coll. 

porin protein or outer membrane proteins from B. pertussis or Neisseria meningitidis. 

3. A vaccine according to Claim 1 or 2 wherein the iscom matrix comprises a phospholipid and a 

solubilising agent. ... • „ 

is 4 A vaccine according to any one of the preceding claims wherein the iscom matrix comprises a 
solubilising agent selected from octylglycoside. nonyl N-methyl glucamide, urea and guanidine. 
5. A vaccine according to any one of the preceding claims wherein the iscom matrix comprises a sterol 
other than cholesterol. 

6 A process for preparing a vaccine for human or animal use, comprising (1) forming a matrix of a 
so glycoside and a sterol and (2) admixing the said complex with an antigen associated with a bacterium or 

mycoplasma. ... - , . . _ 

7 A process for preparing a vaccine for human or animal use, comprising (1) forming an iscom matrix of a 
Glycoside and a sterol and (2) admixing the said iscom matrix with an antigen associated with a bacterium 
or mycoplasma, wherein either (i) a phospholipid and a solubilising agent are additionally used in step (1) or 

25 (ii) a solubilising agent selected from octylglycoside, nonyl N-methyl glucamide, urea and guanidine is used 
in step (1) or (iii) the said sterol is not cholesterol. _„._.. ^ * „ 

8. A process according to Claim 6 or Claim 7 conditions (ii) or (iii). wherein a phospholipid is additionally 

used in step (1). , . . , . . 

9. A process according to Claim 7 or 8 wherein a solubilising agent is used In step (1) and is not removed 

30 prior to formation of the iscom matrix. .... ~_ , 

10 A process for making an immunogenic complex comprising a water-insoluble antigen, the process 
comprising solubilising the antigen with a solubilising agent, admixing the solubilised antigen, a glycoside 
and a sterol and forming an iscom substantially without removal of the solubilising agent 

11 A process according to Claim 10 wherein a phospholipid is additionally used In the said admixing step. 
35 12 A process according to Claim 10 or 11 wherein the solubilising agent is sodium desoxycholate. 

octylglucoside, nonyl N-methyl glucamide. decanoyl N-methyl glucamide or a polyethylene glycol p- 
isooctyl-phenylether having 9 to 10 oxyethylene groups. , 
13 A process for making an iscom matrix, the process comprising admixing a glycoside, a sterol and a 
solubilising agent and forming an iscom matrix substantially without removal of the solubilising agent 
40 14. A vaccine for animal use comprising (1) an antigen associated with a bacterium or mycoplasma and (2) 
an iscom matrix, the said antigen not being incorporated in the iscom. wherein the animal Is a pig or a 

sheep. 

Claims for the following Contracting States: ES. GR 

46 1 A process for preparing a vaccine for human or animal use, comprising (1) forming a matrix of a 
glycoside and a sterol and (2) admixing the said matrix with an antigen associated with a bactenum or 

mycoplasma , , . . , . 

2. A process according to Claim 1 wherein a phospholipid is additionally included in step (1). 
so 3. A process according to Claim 2 wherein the phospholipid is phosphatidylcholine. 

4 A process according to any one of Claims 1 to 3 wherein the glycoside is Quil A. 

5 A process according to any one of Claims 1 to 4 wherein the sterol is cholesterol. 

6 A process according to any one of Claims 1 to 5 wherein the antigen is associated with one of the 
following species, genera or classes of organism: Mycobacterium. Clostridium. Rickettsia, Spirochaetes. 

55 Escherichia. Staphylococci. Haemophilus. Bordetella Vibrio. Salmonella, Streptococci, Pasteurella, 
Legionella. Chlamydia, Pseudomonas. Actfnobaclllus, Campylobacter. Listeria. Mycoplasma bovis. M 
galllsepticum, M. agalactiae, M. hyopneumoniae, M. pneumoniae, M. synoviae, M. arthrltldls. M. 
caprtcolium, M. dlspar, M. hominls, M. mycoides subs, capri, M. orale, mM. ortpneumoniae, M. pulmonis, 

11 
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M. cynos, M. hyorhfnis, M. mycoides, M. safvarium and* M. fermentans, or the antigen comprises the 
adherence factor in Coli, porin protein or outer membrane proteins from ft pertussis or Neisseria 
meninigitidis. 

7. A process according to any one of the preceding claims wherein step (1) comprises forming a matrix 
s from a glycoside, a sterol, a phospholipid and a solubilising agent. 

8. A process according to any one of the preceding claims wherein step (1) comprises forming a matrix 
from a glycoside, a sterol and solubilising agent selected from octylglycbside, nonyl N-methyi glucamide, 
urea and guanfdine. 

9. A process according to any one of the preceding claims wherein the sterol used in step (1) is other than 
io cholesterol. 

10. A process according to Claim 9 wherein the sterol Is lanosterol, lumlsterol, stigmasterol or sitosterol. 

11. A process according to Claim 8, 9 or 10 wherein step (1) comprises forming a matrix of the glycoside, 
the sterol and a phospholipid. 

12. A process according to any one of the preceding claims wherein the antigen is associated with 
is Mycoplasma hyopneumonfae. 

13. A process according to any one of the preceding claims wherein a solubilising agent is used in step (1) 
and is riot removed prior to formation of the iscom matrix. 

14. A process for making an immunogenic complex comprising a water-insoluble antigen, the process 
comprising solubilising the antigen with a solubilising agent, admixing the sofubllised antigen, a glycoside 

20 and a sterol and forming an iscom substantially without removal of the solubilising agent 

15. A process according to Claim 17 wherein a phospholipid is additionally used in the said admixing step. 

16. A process according to Claim 15 wherein the iscoms are formed other than in the course of 
ultrafiltration, dialysis, ultracentrifugation or chromatographic methods. 

17. A process according to any one of Claims 14 to 16 wherein the solubilising agent is sodium 
25 desoxycholate, octylglucoside, nonyl N-methyl glucamide, decanoyl N-methyl glucamide or a polyethylene 

giyco! p-isooctyl-phenylether having 9 to 10 oxyethylene groups. 

18. A process for making an iscom matrix, the process comprising admixing a glycoside, a sterol and a 
solubilising agent and forming an iscom matrix substantially without removal of the solubilising agent 

19. A process according to any one of the preceding claims wherein the vaccine is for use on pigs or 
30 sheep. 
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